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A COMBINATION OF EOP MEASUREMENTS: SPACE97 EOP(JPL) 98 C 01

R. S. Gross (Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, CA 91109, USA; Richard.Gross@jpl .nasa.gov)

A combination of Earth orientation measurements has been
generated from space-geodetic observations spanning 1976--1997.
The approach. taken is$the same as that used in generating previous
such combinations (e.g., Gross, “Combinations of Earth Orientation
Measurements: SPACE94, COMB94, and POLE94”, J. Geophys., Res., 101,
8729-8740, 1996) and will be only briefly described here. Since
it was desirable to combine only independent measurements, only
those series listed in Table 1 were used. Note- that only
measurements from the Sc~ipps GPS series through May 31, 1992 were
usecj, wit,h measurements fr-om the JpL GPS series EOP(JPL) 95 P 02
used f’rom June 1, 1992 through December 31, 1994, mea~urements
from the IGS combined series EOP(IGS) 95 P 01 used from January 1,
1995 through June 29, 1996, and measurements from the IGS combined
series EOP(IGS) 95 P 02 used &hereafter. Similarly, only the USNO
Intensive UT1 determinations made after January 1, 1995 were used,
with the NOAA IRIS Intensive series used before then; and only the
USNO multibaseline EOP determinations made after July 17, 1997
were used, with the NASA/GSFC SGP series used before then”.

Prior to their combination, the bias and rate of each series
was iteratively adjusted so as to be in agreemen% with the bias
and rate exhibited by a combination of all other series; the
stated uncertainty of each series was adjusted by applying a
multiplicative scale fac~or making the residual of that data, when
difference with a combination of all other data, have a reduced
chi-square of one; and -those data points whose residual values
were greater than three times their adjusted uncertainties were
deleted. In order for the final combination, SPACE97, to be given
within a well--defined terrestrial reference frame, an additional
common bias--rate correction was applied to each series so that
their combination, SPACE97, would be aligned with the IERS Earth
orientation series EOP(IERS) 97 C 04 du~ing 1987-1997.’ The total
bias-ra~e corrections and uncertainty scale factors that have been
applied to the individual series prior to their combination into
SPACE97 are given in Table 1 in the natural reference frame for
each data type: the transverse (T), vertical (V) frame for single
baseline VLBI measurements; the variation-of-latitude (VOL), UTO
frame for single station LLR measurements; and the usual UTPM
(PMX , PMY , UT1) frame for all other measurements. The
uncertainties in the bias-rate corrections (given in parentheses
in Table 1) are the formal errors in determining the incremental
bias-rate corrections during the last iteration.
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TABLE 1. ADJUSTMENTS To DATA SETS PRIOR TO COMBINATION

DATA SET BIAS RATE UNCERTAINTY
NAME (mas) (mas/yr) SCALE FACTOR

LLR (JPL; 97M01)
McDonald Cluster

VOL
0.195
(0.119)
0.235
(0.056)
1.177
(1.069)

UTO
-0.343
(0.099)
-0.019
(0.037)
-1.771
(0.711)

VOL
-0.038
(0.040)
0.134
(0.021)
-0.101
(0.215)

UTO
-0.128
(0.033)
-0.023
(0.013)
-0.172
(0.150)

VOL UTO
1.437 1.131

CERGA
1

Haleakala

DSN (JPL; 97R01)
CA}Spain Cluster

CA-Australia Cluster

NASA SGP (GLB1083c)
Westford-Ft. Davis

Westford-Mojave

NASASGP(1083C) PMX

1.823 1.370

1.867 1.656

T
-0.622
(0.023)
0.780
(0.019)

v
-0.176
(0.055)
0.524
(0.052)

T
0.102
(0.009)
0.028
(0.007)

v
0.120
(0.024)
0.023
(0.021)

T v
1.431 1.115

1.392 1.053

T
14.318
(3.765)
0.572
(0.205)

v
9.725
(6.657)
0.082
(0.331)

T
1.333
(0.378)
-0.023

v
1.037
(0.666)
-0.037

T v
1.276 0.966

2.587 0.731

PMY UT1
-0%8
(0.003

PMY UT1 PMX PMY UT1
0.020 -0.066 1.636 1.571 1.650
(0.003) (0.004)

PMY UT1 Pm PMY UT1
0.028 0.051 1.943 1.767 1.652
(0.006) (0.012)

Multi- -0.095 0.077 0.186
baseline (0.008) (0.007) (0.013

USNO (20FEB98) PMX Pm UT1
Multi- 0.021 -0.162 -0.280
baseline (0.024) (0.019) (0.035

PMX
-0.023
(0.008

USNO (14JAN98)
Intensives

NOAA (95R02)
IRIS Inten.

UTCSR (96L01)

Pm PMY UT1
--— --- -0.209

Pm
---

PMY
---

PMY
0.102
(0.003

PMY
-0.160

PMY
-0.077

UT1 PMX PMY UT1
0.038 --- --- 1.243
(0.028)

Pm
---

(0.091)

Pm PMY UT1 Pm
--- --- 0.309 ---

(0.021)

PMX Pm UT1 PMX

UT1 Pm Pm UT1
-0.026 --- --- 0.943
(0.006)

UT1 PMX PMY UT1
--- 0.907 0.799 ---LAGEOS SLR -0.077 0.775 --- 0.054

(0.012) (0.010) (0.004

GPS (SI093P01) PMX PMY UTI Pm
Scripps -1.123 -0.952 --- -0.030

(0.033) (0.039)

GPS (JPL95P02) PMX PMY UT1 PMX
JPL -0.114 0.497 --- 0.121

UT1 PMX PMY UT1
--- 1.874 1.913 ---

UT1 PMX PMY UT1
--- 2.843 2.516 ---

(0.022) (0.021) (0.019) (0.017)

GPS (IGS95P01) PMX PMY UT1 Pm PMY UT1 PMX PMY UT1
IGS Comb. 0.152 0.350 --- 0.159 0.255 --- 2.420 1.244 ---

(0.082) (0.063) (0.029) (0.023)

GPS (IGS95P02) PMX PMY UT1 PMX PMY UT1 PMX PMY UT1
IGS Comb. -0.748 -0.543 --- 0.104 0.103 --- 8.833 1.041 ---

(0.020) (0.011)

REFERENCE DATE FOR BIAS-RATE ADJUSTMENT IS 1993.0
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Technical description of solution JPL 98 C 01

Technique: Combined

Analysis Center: Jet Propulsion Laboratory

Software used: Kalman Earth Orientation Filter (KEOF) OP-B

Data span:’ Ott 76 - Jan 98 at l-day intervals

~elestial Reference Frame: Not Applicable

a- Nature:

b - Definition of the orientation:

~Terrestrial Reference Frame: Not Applicable

a-

b-

c-

d-

e-

f-

9-

h-

i-

Relativity scale:

Velocity of light:

Geogravitational constant:

Permanent tidal correction:

Definition of the origin:

Definition of the orientation:

Reference epoch:

Tectonic plate model:

Constraint for time evolution:

Earth orientation: EOP(JPL) 98 C 01

a - A priori precession model: Not Applicable

b - A priori nutation model: Not Applicable

c - Short-period tidal variations in x, y, UT1:

When necessary, diurnal and semidiurnal tidal variations
have been removed from the individual EOP series prior to
their combination into EOP(JPL) 98 C 01. Diurnal and
semidiurnal tidal terms have not been added back and are
therefore not included in the values reported in EOP(JPL) 98 C 01.

Estimated Parameters:

a-

b-

c-

d-

,,
Celestial Frame:

Terrestrial Frame:

Earth Orientation:

Others:

PMX, PMY, UT1-UTC
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JPL Kalman Earth Orientation Series : SPACE97 25-FEB-98 21:40:15 IERS Series Designator : EOP(JPL) 98 C 01

MJD PMX PMY
(10**-6 arcsec)

187406 162502
186926 160379
186445 158181
185955 155921
185449 153610
184917 151266
184345 148913
183719 146574
183027 144271
182253 142011
181385 139788

UT1-UTC
(10**-7

-436558
-468671
-500248
-531898
-564070
-597004
-630743
-665157
-699964
-734685
-768851
-802134
-834348
-865474
-895707
-925388
-954898
-984669

-1015185
-1046931
-1080318
-1115565
-1152583
-1190889
-1229655
-1267914
-1304864
-1340138
-1373880

LOD
see)

XSIG YSIG
(10**-6 arcsec)

USIG LSIG XDDT YDOT XDSIG YDSIG CORRELATIONS YR MO DAY
(10**-7 see) (10*”-6 arcsec/day) XY Xu Yu

4170
3904
3691
3527
3405
3318
3258
3217
3190
3174
3166
3164
3164
3164
3165
3165
3162
3156
3147
3136
3121
3103
3081
3057
3030
3001
2969
2935
2897
2856

176
186
192
189
175
155
172
189
182
168
152
129
129
152
169
175
177
170
161
154
181
205
202
191
192
183
160
172
202
243

2978
2871
2778
2698
2628
2567
2514
2471
2440
2424
2426
2444
2476
2520
2573
2631
2688
2742
2788
2826
2854
2871
2878
2877
2867
2847
2817
2778
2728
2671

6507
6124
5679
5185
4658
4120
3601
3143
2784
2525
2350
2247
2239
2366
2658
3097
3634
4211
4789
5339
5842
6283
6651
6939
7141
7251
7269
7194
7025
6766

892
911
929
944
952
948
930
889
832
783
752
752
779

-483 -2081
-479 -2162
-484 -2231
-497 -2288
-517 -2331

605
574
545
518
493
472
454
43B
426
416
407
401
395
391
388
386
384
383
382
381
380
379
379
378
377
376
375
374
373
372

418 -0.02
410 -0.03
402 -0.04
396 -0.05
390 -0.05
386 -0.04
384 -0.04
383 -0.04
383 -0.04
383 -0.04
382 -0.04
380 -0.05
379 -0.06
377 -0.06

0.20 0.10
0.19 0.12
0.18 0.14
0.18 0.17
0.20 0.20
0.22 0.23
0.25 0.26

76 9 28. o
76 9 29.0
76 9 30.0
76 10 1.0
76 10 2.0
76 10 3.0
76 10 4.0
76 10 5.0
76 10 6.o
76 10 7.0
76 10 8.0
76 10 9.0
76 10 10.0
76 10 11.0

43049.00
43050.00
43051.00
43052.00
43053.00
43054.00
43055.00
43056.00
43057.00
43058.00
43059.00
43060.00
43061.00
43062.00
43063.00
43064.00
43065.00
43066.00
43067.00
43068.00
43069.00
43070.00
43071.00
43072.00
43073.00
43074.00
43075.00
43076.00
43077.00
43078.00

32595
31736
31522
31853
32530
33345
34111

-550 -2353
-597 -2350

34674
34851

-656 -2323
-73o -2281
-820 -2240
-917 -2206

-1015 -2177
-1113 -2152
-1204 -2139
-1285 -2134
-1358 -2126

0.29 0.28
0.34 0.28
0.39 0.26
0.44 0.22
0.48 0.17
0.50 0.12
0.49 0.08

34512
33767
32769
31658

180419 137597
179355 135433
178196 133289

T
176 0 131152
175 28 129022
174236 126903
172777 124803
171256 122728
169673 120685
168029 118682
166319 116729

30629
29894
29530
29563
30060

827
883
931

374 -0.07 0.44 0.04 76 10 12.0
371 -0.08 0.38 0.02 76 10 13.0

956
963
958
943
923
900
877
857
842
832
831

-1426 -2111
-1491 -2089

367 -0.09
364 -0.09
361 -0.10
360 -0.10
359 -0.10
358 -0.11
358 -0.11

0.33 0.00
0.28 -0.01
0.24 -0.02
0.20 -0.02
0.18 -0.02
0.16 -0.02
0.14 -0.03
0.13 -0.03
0.13 -0.03
0.12 -0.04
0.12 -0.04
0.12 -0.04
0.12 -0.05
0.13 -0.05

76 10 14.0
76 10 15.0

31054
32510
34302
36179

-1552 -2061
-1613 -2024
-1677 -1979
-1743 -1925
-1812 -1861
-1883 -1790
-1954 -1720
-2025 -1651
-2097 -1587

76 10 16.0
76 10 17.0
76 10 18.0
76 10 19.0
76 10 20.0
76 10 21.0
76 10 22. o
76 10 23.0
76 10 24.0

164541 114836
162693 113010
160775 111256
158785 109571
156724 107953
154590 106395
152382 104888
150096 103423

37775
38695
38671
37709

358 -0.11
358 -0.10
357 -0.10
357 -0.1036129

34444
33133

837
851
871

-2171 -1531
-2247 -1484
-2324 -1446

358 -0.09
359 -0.09
360 -0.08

76 10 25.0
76 10 26.0

-1406618 32455 76 10 27.0

7708 records not shown

124
115
119
292
244

1::
110
110
116
175
41
59

138
132
114
127
163
106
63

253
372
243
118
190
159
71

271
413
312

147
149
149
147
147
154
148
144
148
145
140
141
140
140
142
146

122 -0.01 0.00 0.00 97 12 5.0
122 0.00 0.00 0.00 97 12 6.0
122 0.00 0.00 0.00 97 12 7.0
121 0.00 0.01 0.00 97 12 8.0
119 -0.03 0.00 0.00 97 12 9.0
121 -0.11 -0.35 0.00 97 12 10.0
117 -0.06 -0.15 0.00 97 12 11.0

50787.00
50788.00
50789.00
50790.00

168206
166161
163906
161567
159288
157197
155357
153591
151627
149285
146604

215510
213797
212037
210234
208427
206676
205062
203547
202049
200382
198356

2636206
2618953
2599668
2578117

16442
18131

106
103
98

100
99
87
94
93
94

102
82
70
79
88
99

247
233
334
296
319
260
223

-1919
-2167
-2321
-2332
-2205
-1963
-1756

-1707
-1732
-1785
-1815
-1789
-1695
-1548

20529
22382
23004
22353
21090
19819
17940

50791.00
50792.00
50793.00
50794.00
50795.00
50796.00
50797.00
50798.00
50799.00
50800.00
50801.00

2555316
2532543
2510811
2490345
2471423
2454381
2438688

237
228
291
255
235
199
236
246
235
288
261
236
258
353
306
360
318
269
267
321
370
317
364

-1823 -1495
-2135 -1533

119 -0.01 0.00 0.00 97 12 12.0
122 0.00 0.00 0.00 97 12 13.0
116 0.00 0.00 0.00 97 12 14.0
117 0.01 -0.03 0.01 97 12 15.0
113 0.00 -0.40 0.23 97 12 16.0
113 -0.10 -0.36 0.07 97 12 17.0
116 -0.06 -0.15 0.02 97 12 18.0

16239
15286
15073
14611
14963
15644
16255
16494
16773
17422
16787
16080
15217
14271
13342

-2542
-2781

-1834
-2198
-2257
-1935
-1366

143812
141186
138937
136891

196092
193968
192324
191182
190292
189335
188107
186582
184858
183153
181536
180024
178655

2423548
2408691
2393952
2378661
2362694
2346265
2329678
2312559
2295365
2278921
2263261
2248514
2234708

-2755
-2457
-2086
-2062
-2325
-2632
-2863
-2994
-2938

-960
-874

-1074
-1386
-1648
-1755

120 -0.01 -0.01 0.00 97 12 19.0
124 0.00 0.00 0.00 97 12 20.0
124 0.00 0.00 0.00 97 12 21.0
125 0.00 0.00 0.00 97 12 22.0
123 -0.04 -0.01 0.00 97 12 23.0
128 -0.12 -0.42 0.02 97 12 24.0
126 -0.07 -0.15 0.01 97 12 25.0
127 -0.02 -0.05 0.00 97 12 26. o
127 0.00 -0.01 0.00 97 12 27.0
125 0.00 0.00 0.00 97 12 28. o
123 0.00 0.00 0.00 97 12 29.0
119 -0.03 -0.04 0.00 97 12 30.0
124 -0.10 -0.38 0.02 97 12 31.0
123 -0.05 -0.09 0,00 98 1 1.0
125 -0.01 -0.02 0.00 98 1 2.0
140 0.00 -0.01 0.00 98 1 3.0

50802.00
50803.00
50804.00
50805.00
50806.00
50807.00
50808.00
50809.00
50810.00

134712
132231
129476
126536

106
111
109
105
100

145
145
144
153
151
147
153
155
149
146
156
154
161
170

123551
120712
118017
115381
112739

114
121
117
107

1::
91

100
113
118

-2751
-2653
-2630
-2660

-1658
-1573
-1445
-1286

50811.00
50812.00

110068
107417
104856
102429
100078
97730

177467
176458
175527
174626
173800
173079

2221698
2208872
2195584
2181370
2165673
2148128

12792
12975
13671
14867
16589
18504

-2673
-2618

-1089
-948
-921
-874
-774
-668

50813.00
50814.00

-2495
-2373
-2341
-2362

50815.00
50816.00

4



(n.
.

u)wKw(nE0Tt--

nwz

‘.I
I

I
1

I
1

I

0
0

0
0

0
0

0
0

0
0

0
0

0
c

o
In

d
-

F
-1

tN
-

(
S
D
U
J
)
A

U
O
!
~
O
W
J
D
I
O
d

.

In09).0ma)mc
o

u
)oa)0)

o
0

0
0

0
0

0
0

0
0

0
0

0
0

0
d

-
rf)

m
l-

m
l

m
7

I
I

(
S
D
U
J
)
X

U
O

!]O
fl

JD
IO

d

In0-)
u

)ommW
)

c
o

m.

J
I

I
I

I

(
S
U
)

~D
a

JO
9
)
6
u
a
7
s
s
a
0
x
3

I
I

1
I

I
I

I
I

/
/

e“

ino
-1

(n.0alo
-1

u
-)
a
l

0)oc
o

c1.I
n

c
o

o
-l

.0c
o

m



.

awc-l

C
A

O
i

wz0zwE0nwzm20c-)

n-
n

a

4

)I
I

I
I

I
I

1

y
q
l
.
q
y
l
’
q
q
y
o

0
0

0
0

0
0

0

I
I

I
1

I

Inm0-)

0mm

t
“

;!
u)mu).0c
o

0)

c
o

0
-J-

K
I

m
J-

0

(S
D

U
J)

JO
JJ~

A
U

O
!]O

~
JD

IO
d

1
I

I
I

1

In0)mou)al

u)mo-l
.0a)m

nm1
I

1
I

I
I

I

(S
U

J)
JO

JJ~
~D

a
JO

L
@

M
l

S
S

&
IO

X
3

I
I

I
I

1
I

~O
Ju).

u
)
o

O
“
o
g
o

.
.

..
.

.
.

_



II

20

n(1) 10
g

x
c
o 0.-
%
z

~
–10

($’

–20

EOP IERS) 97 C

()a

l! 1976– 997 rms = 3.149mas
997 rms = 0.273mas

! 1 1 I

I 1987-

1980 1985 1990 1995

I ()c

I I 1976–1997 rms = 0.390ms
1987–1997 rms = 0.028ms

I I I I

04 M

20

-20

NUS SPACE97
.

.

-,
.,

1 I I I

.-. (b)...-

‘1 1976–1997rms = 2.765mas
1987–1997 rms = 0.235mas

1 I 1 I

..

I-

1980 1985 1990 1995

1980 1985 1990 1995


